
J E u r o p l i s c h e s   

Pa ten tamt  

European  Patent  Office  ©  Publication  number:  0  1  5 4   4 7 9  

Office  europeen  des  brevets  A 2  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  85301244.1  ©Int.  CI.4:  C  09  J  3 /14  

^   C  08  L  33/08,  B  22  F  1 /00  
©  Date  of  filing:  25.02.85 

©  Priority:  24.02.84  JP  34886/84 

©  Date  of  publication  of  application: 
11.09.85  Bulletin  85/37 

(§)  Designated  Contracting  States: 
DE  FR  GB 

©   Applicant:  NTTTO  ELECTRIC  INDUSTRIAL  CO.,  LTD. 
1-2,  Shimohozumi  1-chome  Ibaraki-shi 
Osaka  567(JP) 

©  Inventor:  Konishi,  Toshiharu  Nitto  Electric  Ind.  Co  Ltd 
1-2  Shimohozumi  1-chome 
Ibaraki-shi  Osaka(JP) 

©  Inventor:  Shimomura,  Takefumi  Nitto  Electric  Ind.  Co 
Ltd 
1-2  Shimohozumi  1-chome 
Ibaraki-shi  Osaka(JP) 

©  Inventor:  Kobayashi,  Yoshiki  Nitto  Electric  Ind.  Co  Ltd 
1-2  Shimohozumi  1-chome 
Ibaraki-shi  Osaka(JP) 

@  Inventor:  Shimizu,  Yukio  Nitto  Electric  Ind.  Co  Ltd 
1-2  Shimohozumi  1-chome 
Ibaraki-shi  Osaka(JP) 

©  Representative:  Diamond,  Bryan  Clive  et  al. 
Gee  &  Co.  Chancery  House  Chancery  Lane 
London  WC2A  1QU(GB) 

©  Acrylic  polymer  composition  for  bonding  metal  powders. 
  An  acrylic  polymer  used  has  a  wt  average  molecular  wt 
of  5 -  150  x  10"  and  is  formed  from  alkyl  (meth)-acrylate  of 
average  3-12C  in  the  alkyl  moiety,  optionally  copolymerized 
with  0.5  to  20  wt%  of  a  monomer  having  a  functional  group 
(e.g.  a  mono-  or  diolefin  carboxylic  acid);  the  polymer  may 
be  mixed  with  0.2  to  50  wt%  of  an  adhesion-imparting  resin 
(e.g.  a  phenolic  resin);  this  component  must  have  a  glass 
transition  temperature  of  -70  to  -10°C  and  an  elastic 
modulus  of  0.05  to  50  kg/cm2  at  25°C.  The  polymer  may  be 
formed  by  reaction  in  solvent  for  the  composition. 

100  parts  by  wt  of  a  metal  powder,  e.g.  an  iron  alloy,  e.g. 
multi-component  eutectic  alloy,  are  mixed  with  up  to  7  parts 
of  the  polymer  component,  dissolved  in  an  organic  solvent, 
and  the  composition  is  formed  into  a  sheet  0.5  to  5  mm  thick 
or  shaped  article  which  is  flexible  without  the  inclusion  of 
any  plasticiser  and  can  be  sintered.  A  sheet  thereof can  be 
used  as  a  protective  covering  on  a  metal  substrate. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  c o m p o s i t i o n  

f o r   b o n d i n g   m e t a l   p o w d e r s   w h i c h   is   u s e d   to  o b t a i n   m o l d e d  

m e t a l   p o w d e r   s h e e t s   f o r   s h a p e d   a r t i c l e s .   More  p a r t i c u l a r l y ,  

i t   r e l a t e s   to  such  compos i t ion   which  can   be  used  in  a  small  amount 

b a s e d   on  the   m e t a l   p o w d e r   and  can  form  f l e x i b l e   m e t a l   p o w d e r  

m o l d i n g s   which   are   c a p a b l e   of  t o l e r a t i n g   d e f o r m a t i o n   a n d  

which   m o l d i n g s   can  be  c o n v e r t e d   by  s i n t e r i n g   i n t o   a  m e t a l  

l a y e r   h a v i n g   a  h igh  d e n s i t y .  

In  o r d e r   to  g i v e   s p e c i a l   p r o p e r t i e s ,   such  as  w e a r  

r e s i s t a n c e   or  c o r r o s i o n   r e s i s t a n c e ,   to  t he   s u r f a c e   of  a  

m e t a l   s u b s t r a t e   or  b a s e   m a t e r i a l ,   i t   i s   w e l l   known  to  f o r m  

on  t he   s u r f a c e   of  t he   m a t e r i a l   a  m e t a l   l a y e r   h a v i n g   t h e s e  

p r o p e r t i e s .  

C u s t o m a r i l y ,   t h e   m e t a l   c o a t i n g   is   f o rmed   as  a  

l a y e r   on  the   base  m a t e r i a l   by  a p p l y i n g   a  m i x t u r e   of  a  m e t a l  

p o w d e r ,   a  b i n d e r ,   a  p l a s t i c i z e r   and  a  s o l v e n t   to  the  m e t a l  

b a s e   m a t e r i a l   and  a f t e r   e v a p o r a t i o n   of  t h e   s o l v e n t   s i n t e r i n g  

the   a s s e m b l y ,   whe reby   t h e   s i n t e r e d   f l e x i b l e   m e t a l   c o a t i n g  

l a y e r   i s   m e t a l l u r g i c a l l y   b o n d e d   to  t h e   ba se   m a t e r i a l .  

Les s   u s u a l l y   a  m e t a l   s h e e t   is   p r e p a r e d   by  s i n t e r i n g   t h e  

same  m e t a l   powder  m o l d i n g   m i x t u r e   as  d e s c r i b e d   a b o v e ,   a n d  

the   s h e e t   i s   bonded  to  t h e   m e t a l   b a s e   m a t e r i a l   by  a  p h y s i c a l  

means  s u c h   as  s c r e w s   or  an  a d h e s i v e ,   to  form  the  m e t a l  

c o v e r i n g .  



In  e i t h e r   c a s e ,   i t   i s   n e c e s s a r y   t h a t   t he   m e t a l  

p o w d e r   m o l d i n g   has   good  f l e x i b i l i t y   so  t h a t   i t   can  be  t r a n s -  

f o r m e d   so  as  to  f i t   on  or  a g a i n s t   a  c u r v e d   s u r f a c e   f a c e  

of  a  b a s e   m a t e r i a l   w i t h o u t   s u f f e r i n g   s e r i o u s   d e f e c t s   s u c h  

as  g e n e r a t i o n   of  c r a c k s ;   and  t h i s   k i n d   of  m e t a l   p o w d e r  

m o l d i n g   mus t   a l s o   have  s u f f i c i e n t   s t r e n g t h   fo r   i t   to  b e  

h a n d l e d .   M o r e o v e r ,   the   m e t a l   p o w d e r   m o l d i n g   must  be  a b l e  

to  fo rm  a  c o a t i n g   l a y e r   h a v i n g   a  h i g h   d e n s i t y   w i t h o u t   s u f -  

f e r i n g   c o n t r a c t i o n   or  c a v i t i e s   d u r i n g   s i n t e r i n g .  

For  t h i s   k i n d   of  m o l d i n g ,   c o m p o s i t i o n s   c o m p r i s i n g  

r e s i n   b i n d e r s   s u c h   as  p o l y v i n y l   e t h e r   or  m e t h y l   c e l l u l o s e  

as  a  main  c o m p o n e n t ,   to  wh ich   a  v o l a t i l e   p l a s t i c i z e r   s u c h  

as  d i b u t y l   p h t h a l a t e ,   g l y c e r i n e   or  wax,   i s   a d d e d   to  i m p r o v e  

t h e   f l e x i b i l i t y   of  t he   m o l d i n g s ,   have   been  d e s c r i b e d   i n ,  

f o r   e x a m p l e ,   p u b l i s h e d   u n e x a m i n e d   J a p a n e s e   P a t e n t   A p p l i c a t i o n s  

( O P I )   Nos.   9 1 9 1 0 / 7 4   and  3 5 7 0 3 / 8 1   and  J a p a n e s e   P a t e n t   P u b l i -  

c a t i o n   No.  2 1 1 6 7 / 7 0 .   H o w e v e r ,   s u c h   p l a s t i c i z e r s   r a p i d l y  

v o l a t i l i z e   in  t h e   s i n t e r i n g   p r o c e s s ,   b e c a u s e   t h e y   h a v e  

g e n e r a l l y   a  low  b o i l i n g   p o i n t   as  c o m p a r e d   w i th   the   m a i n  

c o m p o n e n t .   T h e r e f o r e ,   the   g e n e r a t e   gas   in  an  e a r l y   s t a g e  

of  t h e   s i n t e r i n g   p r o c e s s   and  t h i s   may  c a u s e   n u m e r o u s   o p e n -  

i n g s   on  t h e   c o a t i n g   l a y e r   a f t e r   s i n t e r i n g .   A c c o r d i n g l y ,  

i t   i s   n e c e s s a r y   to  keep  t h e   r a t e   of  i n c r e a s e  

in  t e m p e r a t u r e   d u r i n g   s i n t e r i n g   as  s l o w   as  p o s s i b l e .  



M o r e o v e r ,   t h e   use  of  p l a s t i c i z e r s   r e d u c e s   t h e  

s t r e n g t h   of  t h e   m o l d i n g s   f o r m e d ,   t e n d s   to  f o r m   c r a c k s  

d u r i n g   h a n d l i n c ,   and  makes  i t   d i f f i c u l t   to   o b t a i n  

a  l a y e r   w h i c h   a f t e r   s i n t e r i n g   has  a  h i g h   d e n s i t y .  

A c c o r d i n g l y ,   one  o b j e c t   of  the   p r e s e n t   i n v e n t i o n  

is   tc  p r o v i d e   a  c o m p o s i t i o n   fo r   b o n d i n g   m e t a l   p o w d e r s  

which   is   u s a b l e   to  o b t a i n   m e t a l   powder   m o l d i n g s   u s e f u l  

f o r   b e i n g   m e t a l l u r g i c a l l y   or  p h y s i c a l l y   b o n d e d   t o  

a  m e t a l   b a s e   m a t e r i a l ,   and  w h i c h  c a n   have  good  f l e x -  

i b i l i t y   and  good   s t r e n g t h   o r  e l o n g a t i o n   and  can  f o r m  

a  m e t a l   l a y e r   h a v i n g   a  h i g h   d e n s i t y   a f t e r   s i n t e r i n g ,  

w i t h o u t   u s i n g   p l a s t i c i z e r s   and ,   c o n s e q u e n t l y ,   w i t h o u t  

t h e   above   d e s c r i b e d   p r o b l e m s .  

The  c o m p o s i t i o n   f o r   b o n d i n g   m e t a l   p o w d e r s   a c c o r d -  

ing  to  t he   p r e s e n t   i n v e n t i o n   is  used   in  an  a m o u n t  

of  at  most   a b c u t   7  p a r t s   by  w e i g h t   a s  t h e   s o l i d s  

c o n t e n t   b a s e d   or  100  p a r t s   by  w e i g h t   of  a  m e t a l   p o w d e r  

f o r   o b t a i n i n g   a  f l e x i b l e   m e t a l   powder   m o l d i n g   w h i c h  

i s   c a p a b l e   of  t o l e r a t i n g   d e f o r m a t i o n   a t   a  r a d i u s  

of  c u r v a t u r e   of  up  to  15  m i l l i m e t r e s ;   and  t h e   c o m -  

p o s i t i o n   c o m p r i s e s   as  main  c o m p o n e n t   an  a c r y l i c  

p o l y m e r   h a v i n g   a  w e i g h t   a v e r a g e   m o l e c u l a r   w e i g h t  

of  a b o u t   50,  OCJ  to  1 , 5 0 0 , 0 0 0   which   c o m p r i s i e s  a n  a l k y l  

( m e t h ) a c r y l a t e   monomer   h a v i n g   an  a v e r a g e   n u m b e r   o f  

c a r b o n   a t o m s   of  3  to  12  in  the   a l k y l   m o i e t y ,   o p t i o n -  



a l l y   a d m i x e d   w i t h   a  r e s i n   w h i c h   g i v e s   a d h e s i v e  

p r o p e r t y   to  s a i d   p o l y m e r   t h i s   main  c o m p o n e n t  

h a v i n g   a  g l a s s   t r a n s i t i o n   t e m p e r a t u r e   in  a  r a n g e  

of   -70  to  - 1 0 ° C   and  an  e l a s t i c   m o d u l u s   in  t he   r a n g e  

of   0 . 05   to  50  k g / c m 2   a t   a  t e m p e r a t u r e   of  2 5 ° C .  

The  main  c o m p o n e n t   c o m p o s i t i o n ,  n a m e l y   the  s p e c -  

i f i c   a c r y l i c   p o l y m e r   or  a  m i x t u r e   t h e r e o f   and  a n  

a d h e s i o n - i m p a r t i n g   r e s i n ,  m a k e s   i t   p o s s i b l e   to  p r o -  

duce   a  m e t a l   m o l d i n g   h a v i n g   e x c e l l e n t   f l e x i b i l i t y  

w h i c h   is   d e f o r m a b l e   so  as  to  f i t   w e l l   on  a  s u r f a c e  

of   a  m e t a l   b a s e   m a t e r i a l   h a v i n g   a  r a d i u s   of  c u r v -  

a t u r e   of  up  to  15  mm  w i t h o u t   c r a c k i n g ,   or  wh ich   i s  

f o r m a b l e   s e p a r a t e l y   f rom  t he   b a s e   m a t e r i a l ,   i n t o  

a  s u i t a b l e   c u r v e d   s h a p e   h a v i n g   t he   same  r a d i u s   o f  

c u r v a t u r e   as  up  to   15  mm,  even  i f   t h e   s o l i d   c o n t e n t  

of   t he   c o m p o s i t i o n   to  t he   m e t a l   p o w d e r   is  as  l o w  

as  7  p a r t s / 1 0 0   as   d e s c r i b e d   a b o v e ,   in  s u b s t a n t i a l  

a b s e n c e   of  a  p l a s t i c i z e r .  

F u r t h e r ,   t h i s   m e t a l   p o w d e r   m o l d i n g   has   e x c e l l e n t  

s t r e n g t h   and  e l o n g a t i o n   c h a r a c t e r i s t i c s   and  f o r m s  

a  l a y e r   h a v i n g   a  h i g h   d e n s i t y   a f t e r   s i n t e r i n g ,   b e -  

c a u s e   t he   a m o u n t   of  t he   c o m p o s i t i o n   u s e d   is  s m a l l  

and  p l a s t i c i z e r   i s   no t   u s e d .   T h e r e f o r e ,   the   m e t a l  

p o w d e r   m o l d i n g   has   e x c e l l e n t   p e r f o r m a n c e   as  a  c o a t i n g  

l a y e r   on  t h e   s u r f a c e   of  t he   m e t a l   b a s e   m a t e r i a l .  

The  a c r y l i c   p o l y m e r   u s e d   i n  t h e   p r e s e n t   i n v e n t i o n  



is   one  w h i c h   is   p r e p a r e d   by  p o l y m e r i z i n g   or  c o p o l y -  

m e r i z i n g   one  or  more  a l k y l   ( m e t h ) a c r y l a t e s   h a v i n g  

an  a v e r a g e   c a r b o n   atom  number   of  3  to  12  in  t h e   a l k y l  

m o i e t y   as  s o l e   or  main  m o n o m e r s .  

T h i s   p o l y m e r   r e d u c e s   t h e   amoun t   of  gas   g e n e r a t e d  

when  s i n t e r e d   by  h e a t   t r e a t m e n t   a t   h i g h   t e m p e r a t u r e ,  

t h e r e b y   p r e v e n t i n g   c o n s e q u e n t   g e n e r a t i o n   of  s w e l l i n g ,  

in  tne  m e t a l   l a y e r .   If  t he   a v e r a g e   c a r b o n   a tom  n u m b e r  

in  the   a l k y l   m o i e t y   i s  b e l o w   3  or  b e y o n d   12  t h e r e  

a re   p r o b l e m s   in  t h a t   the   a d h e s i o n   b o n d i n g   p r o p e r t y  

becomes   p o o r   and  f l e x i b i l i t y   is  l a c k i n g .  

E x a m p l e s   of  the   main  monomers   a r e   e s t e r s   o f  

a c r y l i c   a c i d   or  m e t h a c r y l i c   a c i d   w h e r e i n   t h e   a l k y l  

g roup   of  a l i p h a t i c   a l c o h o l s   i s   a  m e t h y l ,   e t h y l ,   b u t y l ,  

i s o b u t y l ,   h e x y l ,   h e p t y l ,   o c t y l ,   i s o o c t y l   o r  

2 - e t h y l h e x y l   g r o u p .  

The  a c r y l i c   p o l y m e r   may  be  a  c o p o l y m e r   w i t h  

a  p o l y m e r i z a b l e   monomer  h a v i n g   a  f u n c t i o n a l   g r o u p  

in  the   m o l e c u l e   and  w h i c h  i m p r o v e s   a d h e s i v e   s t r e n g t h  

of  the   c o m p o s i t i o n   at  room  t e m p e r a t u r e .   The  a m o u n t  

of  any  c o p o l y m e r i z a b l e   m o n o m e r  u s e d   is   a b o u t   80  t o  

99.5%  by  w e l c h t ,   p r e f e r a b l y   90  to  98%  by  w e i g h t ,  

o f  t h e   main   monomer   and  a b o u t  

20  to  0 .5   by  w e i g h t ,   p r e f e r a b l y   10  to  2%  by  w e i g h t ,  

b a s e d   on  t h e   w e i g h t   of  t he   monomer ,   so  t h a t   p o l y m e r s  

h a v i n g   f l e x i b i l i t y   and  a  t e n s i l e   s t r e n g t h   of  a b o u t  



350  to  2 , 0 0 0   g / 2 0   mm  ( d r a w i n g   r a t e :   300  m m / m i n u t e ,  

a t  2 0 ° C   and  50%  r e l a t i v e   h u m i d i t y   a r e   o b t a i n e d .  

If  t he   amoun t   of  t h e   c o m o n o m e r   i s   s m a l l ,   the   a b o v e -  

d e s c r i t e d   e f f e c t s   a r e   p o o r ;   i f   i t s   amoun t   is   t o o  

l a r g e ,   t h e r e   is   t h e   p o s s i b i l i t y   of  g e n e r a t i n g   s w e l l -  

ing  in  t he   m e t a l   l a y e r   a f t e r   s i n t e r i n g .  

E x a m p l e s   of  s u c h   p o l y m e r i z a b l e   monomers   i n c l u d e  

@ - m o n o -   or  d i o l e f i n   c a r b o x y l i c   a c i d s   such   as  ( m e t h )  

a c r y l i c   a c i d ,   c r o t o n i c   a c i d ,   m a l e i c   a c i d ,   i t a c o n i c  

a c i d ,   p h e n o l i c   a c i d   or  f u m a r i c   a c i d ,   which   have  a  

c a r b o x y l   g r o u p   as  t h e   f u n c t i o n a l   g r o u p ;   2 - h y d r o x y -  

e t h y l   m e t h a c r y l a t e ,   2 - h y d r o x y p r o p y l   ( m e t h ) a c r y l a t e ,  

1 - m e t h y l - 2 - h y d r o x y e t h y l   ( m e t h ) a c r y l a t e   or  2 - h y d r o x y -  

v i n y l   e t h e r ,   w h i c h   h a v e   a  h y d r o x y l   g r o u p   as  t he   f u n c -  

t i o n a l   g r o u p ;   g l y c i d y l   ( m e t h ) a c r y l a t e   which   has  a n  

epoxy  c r o u p   as  t h e   f u n c t i o n a l   g r o u p ;   N - m e t h y l o l   ( m e t h )  

a c r y l a m i d e   wh ich   has   a  m e t h y l o l   g r o u p   as  t he   f u n c t i o n -  

al  g r c u p ;   and  N , N - d i m e t h y l a m i n o e t h y l   ( m e t h ) a c r y l a t e ,  

N - t e r t i a r y   b u t y l a m i n o e t h y l   ( m e t h ) a c r y l a t e   or  N - t e r t -  

i a r y   t u t y l a m i n o b u t y l   ( m e t h ) a c r y l a t e ,   which   have  a n  

amino  g roup   as  t h e   f u n c t i o n a l   g r o u p .   Of  t h e s e ,  

@ - m o n c -   or  d i o l e f i n   c a r b o x y l i c   a c i d s   a r e   p a r t i c u l a r l y  

p r e f e r r e d   in  t h a t   t h e y   f o r m   a  c o m p l e x   w i t h   t he   m e t a l  

powder   and  the   r e s u l t a n t   m i x t u r e   can  form  a  f l e x i b l e  

s h e e t   h a v i n g   a  t e n s i l e   s t r e n g t h   of  a b o u t   700  to  2 , 0 0 0  

g /20   mm. 



The  a c r y l i c   p o l y m e r   must   have   a  w e i g h t   a v e r a g e  

m o l e c u l a r   w e i g h t   of  5 0 , 0 0 0   to  1 , 5 0 0 , 0 0 0 ,   p r e f e r a b l y   3 0 0 , 0 0 0  

to  1 , 2 0 0 , 0 0 0 .   I f   t he   w e i g h t   a v e r a g e   m o l e c u l a r   w e i g h t   i s  

l e s s   t h a n   a b o u t   5 0 , 0 0 0 ,   i t s  b o n d i n g   f o r c e   to  m e t a l   p o w d e r  

is   i n a d e q u a t e ,   c a u s i n g   d e t e r i o r a t i o n   of  s t r e n g t h   of  t h e  

m o l d i n g s   or  m a k i n g   i t   d i f f i c u l t   to  o b t a i n   h igh   d e n s i t y  

a f t e r   s i n t e r i n g .   If   t h e   w e i g h t   a v e r a g e   m o l e c u l a r   w e i g h t  

is   more  t h a n   a b o u t   1 , 5 0 0 , 0 0 0 ,   w o r k i n g   p r o p e r t i e s   in  o b t a i n -  

ing  t he   m o l d i n g   i s   p o o r .  
The  a b o v e   d e s c r i b e d   a c r y l i c   p o l y m e r   is  used   a l o n e  

or  t o g e t h e r   w i t h   a  r e s i n   w h i c h   g i v e s   a d h e s i v e   p r o p e r t y ,  

m a i n l y   by  i m p r o v e m e n t   of  a d h e s i v e   f o r c e   of  the   m o l d i n g  

at   r o o m  t e m p e r a t u r e .   The  a m o u n t   of  the   r e s i n   is  p r e f e r a b l y  

50  to  99.8%  by  w e i g h t   of  the   a c r y l i c  

p o l y m e r   and  50  to  0.2%  by  w e i g h t   of  the   r e s i n .   If   t h e  

a m o u n t   of  t h e   r e s i n   i s   t oo   s m a l l ,   t he   a b o v e - d e s c r i b e d   e f f e c t  

c a n n o t   be  o b t a i n e d ,   and  i f   t h e   amoun t   is  too  l a r g e ,   t h e  

a b o v e - d e s c r i b e d   c h a r a c t e r i s t i c s   of  t he   a c r y l i c   p o l y m e r  

a r e   d a m a g e d .  

E x a m p l e s   of  s u c h   r e s i n s   which   g i v e   a d h e s i v e   p r o p e r t y  

a r e   an  a l k y l p h e n o l   r e s i n ,   c o u m a r o n e - i n d e n e   r e s i n ,   p o l y -  

t e r p e n e   r e s i n ,   r o s i n   r e s i n ,   p e t r o l e u m   r e s i n ,   p o l y v i n y l  

e t h e r ,   t e r p e n e   p h e n o l   r e s i n ,   x y l e n e   r e s i n ,   epoxy  r e s i n ,  

p o l y e s t e r   r e s i n ,   p o l y i m i d e   or  p o l y a m i d e .  

The  main  c o m p o n e n t   ( a c r y l i c   p o l y m e r   a l o n e   or  w i t h  

r e s i n   wh ich   g i v e   a d h e s i v e   p r o p e r t y )   must   have  a  g l a s s   t r a n s -  

i t i o n   t e m p e r a t u r e   in  s a i d   r a n g e   of  -70  to  - 1 0 ° C ,   p r e f e r a b l y  
-65  to  - 3 0 ° C .   A  p o l y m e r   main  c o m p o n e n t   h a v i n g   a  g l a s s  
t r a n s i t i o n   t e m p e r a t u r e   of  l e s s   t h a n   a b o u t   -70°C  is   n o t  

r e a d i l y   e c o n o m i c a l l y   a v a i l a b l e   and  has  a  p r o b l e m   t h a t   s u f f i -  

c i e n t   s t r e n g t h   c a n n o t   be  o b t a i n e d   b e c a u s e   i t   is  too   s o f t .  

On  the   o t h e r   h a n d ,   i f   t h i s   g l a s s   t r a n s i t i o n   t e m p e r a t u r e  
is   h i g h e r  t h a n   a b o u t   - 1 0 ° C   a  f l e x i b l e   m o l d i n g   w h i c h   i s  

c a p a b l e   of  t o l e r a t i n g   d e f o r m a t i o n   at   a  r a d i u s   of  c u r v a t u r e  
of  a b o u t   15  mm  c a n n o t   be  o b t a i n e d .  

S a i d   main  c o m p o n e n t   in  t he   c o m p o s i t i o n   must   a l s o  

have  an  e l a s t i c   m o d u l u s   in  a  r a n g e   of  0 . 05   to  50  k g / c m 2 ,  



at   2 5 ° C .   I f   t h e   e l a s t i c   m o d u l u s   i s   b e l o w   a b o u t   0 . 0 5   k g / c m 2 ,  

t h e   m o l d i n g   e a s i l y   s u f f e r s   d e f e c t s   s u c h   as  c r a c k s   w h e n  

i t   i s   h a n d l e d   or  t r a n s f o r m e d   due  to  t h e   l a c k   of  s t r e n g t h  

or  e l o n g a t i o n   (10  to  180%)  and ,   c o n s e q u e n t l y ,   a  m e t a l   l a y e r  

h a v i n g   h i g h   d e n s i t y   c a n n o t   be  o b t a i n e d   by  s i n t e r i n g ,   b e c a u s e  

a  l a r g e   a m o u n t   of  t h e   c o m p o s i t i o n   mus t   be  used   f o r   m o l d i n g .  

On  t h e   o t h e r   h a n d ,   i f   t he   e l a s t i c   m o d u l u s   i s   a b o v e   a b o u t -  

50  k g / c m 2 ,   i t   b e c o m e s   d i f f i c u l t   to  o b t a i n   a  f l e x i b l e   m o l d i n g  

w h i c h   i s   c a p a b l e   of  t o l e r a t i n g   s a i d   d e f o r m a t i o n .  

The  t e r m   " e l a s t i c   m o d u l u s "   means   the   v a l u e   of  t h e  

t a n g e n t   m o d u l u s   when  a  s a m p l e   i s   d r a w n   a t   a  chuck   d i s t a n c e  

of  50  mm  a t   a  r a t e   of  300  m m / m i n u t e   a t   a  m e a s u r i n g   t e m p e r a -  

t u r e   of  2 5 ° C .   The  c a l c u l a t i o n   f o r m u l a   t h e r e o f   i s   as  f o l l o w s .  

E l a s t i c   m o d u l u s   =  F / S  

w h e r e i n   F:  F o r c e   a t   a  p o i n t   of  i n t e r s e c t i o n   of  t h e   p o i n t  

a t   w h i c h   t he   s a m p l e   i s   s t r e t c h e d   by  100%  and  t h e  

t a n g e n t   l i n e   ( k g / c m 2 ) ;   a n d  

S:  S e c t i o n a l   a r e a   of  t h e   s a m p l e .  

I f   d e s i r e d ,   t he   c o m p o s i t i o n   may  a l s o   c o n t a i n   v a r i o u s  

a d d i t i v e s   s u c h   as  an  x y l e n e   r e s i n ,   p a r a f f i n   wax,  p r o c e s s  
o i l   or  a b i e t y l   a l c o h o l   as  s o f t e n i n g   a g e n t s ;   or  c a l c i u m  

c a r b o n a t e ,   s i l i c a   or  t a l c   as  f i l l e r s .   F u r t h e r ,   i f   d e s i r e d ,  

a n i o n i c ,   c a t i o n i c   or  n o n i o n i c   s u r f a c t a n t s   can  be  a d d e d  

as  a  s t a b i l i z e r   d u r i n g   the   p a s s a g e   of  t i m e ,   in  an  a m o u n t  

of  a b o u t   0 .01   to  5  p a r t s   by  w e i g h t   p e r   100  p a r t s   by  w e i g h t  

of  t h e   main  c o m p o n e n t ;   t he   a d d i t i o n   of  s u r f a c t a n t   e f f e c -  

t i v e l y   p r e v e n t s   s o f t e n i n g   of  a  m o l d i n g   d u r i n g   p a s s a g e   o f  

t i m e .  

A  p r o c e s s   of  o b t a i n i n g   a  m e t a l   powder   m o l d i n g   i n  

t h e   f o r m   of  a  s h e e t   or  a  s h a p e d   a r t i c l e   u s i n g   t h e   c o m p o s i -  

t i o n   f o r   b o n d i n g   m e t a l   p o w d e r s   a c c o r d i n g   to  t h e   p r e s e n t  

i n v e n t i o n   i s   now  d e s c r i b e d .  

The  p r o c e s s   c o m p r i s e s   p r e p a r i n g   a  s o l u t i o n   of  t h e  

a b o v e - d e s c r i b e d   c o m p o s i t i o n   w i t h   a  s u i t a b l e   o r g a n i c   s o l v e n t  

( s u c h   as  a c e t o n e ,   t o l u e n e   or  m e t h y l   e t h y l   k e t o n e ) ,   a d d i n g  

t h e   m e t a l   p o w d e r   to  t h e   s o l u t i o n   in  s u c h   a m o u n t   t h a t   t h e  



s o l i d s   c o n t e n t   of  t he   c o m p o s i t i o n   i s   at  most   a b o u t  7   p a r t s  

by  w e i g h t ,   p r e f e r a b l y   1 . 0   to  5 .5   p a r t s   by  w e i g h t ,   pe r   1 0 0  

p a r t s   by  w e i g h t   of  t h e   m e t a l   p o w d e r ,   k n e a d i n g   the   m i x t u r e ,  

c a s t i n g   the   m i x t u r e   i n t o   a  mold  c o v e r e d   w i t h   a  r e l e a s i n g  

p a p e r ,   e v a p o r a t i n g   t h e   s o l v e n t ,   and  t h e n   m o l d i n g   to  a  s h e e t  

or  o t h e r   shape   by  p a s s i n g   t h r o u g h   r o l l s .   P r e s s   m o l d i n g  

may  be  c a r r i e d   ou t   by  m i x i n g   w i t h o u t   u s i n g   the   s o l v e n t  

i f   d e s i r e d   and  n e c e s s a r y ,   w i t h   h e a t i n g   or  in  vacuum  w i t h  

h e a t i n g .  

In  t h i s   p r o c e s s ,   i f   t h e   s o l i d s   c o n t e n t   of  t he   c o m -  

p o s i t i o n   of  the   p r e s e n t   i n v e n t i o n   were  l a r g e r   t h a n   a b o u t  

7  p a r t s   per   100  p a r t s   by  w e i g h t   of  the  m e t a l   p o w d e r ,   i t  

wou ld   be  d i f f i c u l t   to  o b t a i n   a  m e t a l   l a y e r   h a v i n g   a  h i g h  

d e n s i t y   a f t e r   s i n t e r i n g ,   and  p o l l u t i o n   of  t he   s i n t e r i n g  
f u r n a c e   would   o c c u r   by  t h e   r e s i n   c o m p o n e n t s   g a s i f i e d   d u r i n g  

s i n t e r i n g   p r o c e s s i n g .  

The  m e t a l   p o w d e r   u s e d   can  be  of  v a r i o u s   k i n d s  

d e p e n d i n g   upon  the   p r o p e r t i e s   to  be  g i v e n   to  t he   s u r f a c e  

of  t he   m e t a l   ba se   m a t e r i a l ,   such  as  s e l f - m e l t i n g   a l l o y  

p o w d e r   or  w e a r - r e s i s t i n g   a l l o y   p o w d e r .   E x a m p l e s   of  w e a r -  

r e s i s t i n g   a l l o y   p o w d e r s   a r e   m u l t i - c o m p o n e n t   e u t e c t i c   a l l o y  

p o w d e r s   of  c o m p o s i t i o n   Fe -Π-C   w h e r e i n  M   i n c l u d e s   at  l e a s t  

one  of  Mo,  B  a n d   P  as  a  m a j o r   c o m p o n e n t   and  may  c o n t a i n  

Cr,   V,  W,  Nb,  Ta  and  Ti  as  s e c o n d a r y   e l e m e n t s ;   i t   may  f u r t h e r  

c o n t a i n   S i ,   Ni,  m n , . e t c .   as  o t h e r   e l e m e n t s .   Such  m u l t i -  

c o m p o n e n t   e u t e c t i c   a l l o y   p o w d e r s   have  c h a r a c t e r i s t i c s   t h a t  

t h e   s i n t e r i n g   t e m p e r a t u r e   is   c o m p a r a t i v e l y   low,   t he   l i q u i d  

p h a s e   is   a b o u t   10  to  50%  by  w e i g h t   in  a  t e m p e r a t u r e   r a n g e  
of  1 , 0 0 0   to  1 , 1 5 0 ° C   and  t h e   l i q u i d   p h a s e   has  a  good  w e t t i n g  

p r o p e r t y   f o r   the  b a s e   m a t e r i a l .  

These   a l l o y   p o w d e r s   p r e f e r a b l y   have   a  p a r t i c l e  
s i z e   of  150  T y l e r , m e s h   or  l e s s ;   the   p a r t i c l e   s i z e   g r e a t l y  
a f f e c t s   the   p o r o s i t y   a f t e r   s i n t e r i n g .   If   t he   p a r t i c l e  
s i z e   is   l a r g e r   t h a n   t h e   a b o v e - d e s c r i b e d   v a l u e ,   i t   b e c o m e s  

d i f f i c u l t   to  form  an  a l l o y   l a y e r   h a v i n g   a  h i g h   d e n s i t y .  
A  m e t a l   p o w d e r   m o l d i n g   f o r m e d   by  the   a b o v e - d e s c r i b e d  

p r o c e s s   i s   s h a p e d   i n t o   a  s h e e t   m a t e r i a l   h a v i n g  



a  t h i c k n e s s   of  0 .05-10  mm,  p r e f e r a b l y   0.3-5  mm,  which  shows  a  good  f l e x i -  

b i l i t y   w h i c h   i s  c a p a b l e   of  t o l e r a t i n g   d e f o r m a t i o n   at  a  r a d i u s  

of  c u r v a t u r e   of  up  to  a b o u t   15  mm  and  has   e x c e l l e n t   s t r e n g t h  

and  e l o n g a t i o n .  

To  use  t h i s   m o l d i n g   m a t e r i a l ,   i t   can  be  a d h e r e d  

to  t h e   s u r f a c e   of  a  m e t a l   b a s e   m a t e r i a l   w i t h   or  w i t h o u t  

u s i n g   a  s u i t a b l e   a d h e s i v e   l a y e r   so  as  to  f i t   i t   on  t h e  

s u r f a c e   by  d e f o r m a t i o n   and ,   t h e r e a f t e r ,   t he   a s s e m b l y   i s  

s u b j e c t e d   to  s i n t e r i n g   p r o c e s s i n g   u n d e r   a  s u i t a b l e   t e m p e r a -  

t u r e   c o n d i t i o n   a c c o r d i n g   to  t he   k i n d   of  m e t a l   p o w d e r .  

A l t e r n a t i v e l y ,   a f t e r   the   m o l d i n g   i s   t r a n s f o r m e d   a p p r o p r i -  

a t e l y   by  p r o c e s s i n g   and  is   s u b j e c t e d   to  s i n t e r i n g   p r o c e s s i n g  

in  t h e   same  m a n n e r   as  d e s c r i b e d   a b o v e ,   t h e   s i n t e r e d   p r o d u c t  

is   m e c h a n i c a l l y   b o n d e d   to  the   s u r f a c e   of  the   m e t a l   b a s e  

m a t e r i a l .   S i n t e r i n g   p r o c e s s i n g   i s   g e n e r a l l y   c a r r i e d   o u t  

w i t h   h e a t i n g   u n d e r   a  n o n - o x i d i z i n g   a t m o s p h e r e   in  o r d e r  

to  p r e v e n t   d e t e r i o r a t i o n   of  t h e   m e t a l   powder   c a u s e d   by 

o x i d a t i o n .  

The  f o r m e d   m e t a l   l a y e r   a f t e r   s i n t e r i n g   has  a  h i g h  

d e n s i t y   due  to  t he   use  of  t he   c o m p o s i t i o n   of  the   p r e s e n t  

i n v e n t i o n ,   and  i n h e r e n t   p e r f o r m a n c e s   s u c h   as  p r e v e n t i o n  

of  wea r   or  c o r r o s i o n ,   e t c .   of  t he   s u r f a c e   of  th  m e t a l   b a s e  

m a t e r i a l   can  be  w e l l   e x h i b i t e d .  

The  m e t a l   powder   m o l d i n g s   u s i n g   t he   c o m p o s i t i o n  

f o r   b o n d i n g   m e t a l   p o w d e r s   of  t he   p r e s e n t   i n v e n t i o n   c a n  

be  a p p l i e d   as  a  s u r f a c e   m o d i f y i n g   l a y e r   of  the   base   m a t e r i a l  

f o r   t o o l s ,   m a c h i n e s ,   e l e c t r i c   e l e m e n t s   and  a u t o m o b i l e s ,  

w h i l e   u t i l i z i n g   t h e   a b o v e - d e s c r i b e d   c h a r a c t e r i s t i c s ,   a n d  

can  be  a p p l i e d   as  r a w m a t e r i a l s   f o r   r o d s   or  p i p e s   h a v i n g  

a  d e s i r e d   s h a p e ,   s h e e t s   or  s h a p e d   a r t i c l e s .   F u r t h e r m o r e ,  

t he   m e t a l   powder   m o l d i n g s   can  be  u t i l i z e d   in  an  u n s i n t e r e d  

fo rm  as  b a r r i e r   m a t e r i a l s ,   such   as  a  m a t e r i a l   fo r   s h i e l d i n g  

e l e c t r o m a g n e t i c   wave  w h i l e   u t i l i z i n g   c h a r a c t e r i s t i c s   t h e r e o f ,  

s u c h   as  t e n s i l e   s t r e n g t h ,   e l o n g a t i o n   or  f l e x i b i l i t y .  

The  p r e s e n t   i n v e n t o n   i s   d e s c r i b e d   in  g r e a t e r   d e t a i l  

by  r e f e r e n c e   to  t h e   f o l l o w i n g   n o n - l i m i t i n g   e x a m p l e s ,   w h e r e i n  



p a r t s   a re   by  w e i g h t .  

EXAMPLE  1 

The  a b o v e - d e s c r i b e d   c o m p o n e n t s   were   f ed   i n t o   a 

r e a c t o r .   The  r e s u l t a n t   m i x t u r e   was  s u b j e c t e d   to  p o l y m e r i -  

z a t i o n   r e a c t i o n   at  65°C  fo r   9  h o u r s   to  o b t a i n   a  s o l u t i o n  

c o n t a i n i n g   an  a c r y l i c   c o p o l y m e r   h a v i n g   a  w e i g h t   a v e r a g e  

m o l e c u l a r   w e i g h t   of  6 0 0 , 0 0 0 .   This   s o l u t i o n   was  used  a s  

the  c o m p o s i t i o n   fo r   b o n d i n g   m e t a l   p o w d e r s   of  t h e   p r e s e n t  

i n v e n t i o n .   The  a c r y l i c   c o p o l y m e r   in  t he   c o m p o s i t i o n   h a d  

a  g l a s s   t r a n s i t i o n   t e m p e r a t u r e   of  -64°C  and  an  e l a s t i c  

modu lus   of  0 . 6   k g / c m 2   at  2 5 ° C .  

T h e n ,   3  p a r t s   of  the   a b o v e - d e s c r i b e d   c o m p o s i t i o n  

were  added   to  100..  p a r t s   of  an  i r o n   a l l o y   p o w d e r   p a s s i n g  

t h r o u g h   a  250  mesh  Tyle r   s c r e e n  .   The  r e s u l t i n g   m i x t u r e   w a s  

k n e a d e d   by  a  wet  p r o c e s s   u s i n g   a c e t o n e   as  a  s o l v e n t   a n d  

r o l l e d   u s i n g   r o l l s   to  p r o d u c e   an  a l l o y   p o w d e r   s h e e t   h a v i n g  

a  t h i c k n e s s   of  1 .2   mm  and  a  d e n s i t y   of  4 . 8   g/cm3  w h i c h  

was  f l e x i b l e   and  had  a  t e n s i l e   s t r e n g t h   of  1 , 1 0 0   g / 2 0  

mm. 

EXAMPLE  2 

The  a b o v e - d e s c r i b e d   c o m p o n e n t s   we re   f ed   i n t o   a 

r e a c t o r .   The  m i x t u r e .   was  s u b j e c t e d   to  p o l y m e r i z a t i o n  

r e a c t i o n   a t   700C  f o r   9  h o u r s   to  o b t a i n   a  s o l u t i o n   c o n t a i n -  

ing  an  a c r y l i c   c o p o l y m e r   h a v i n g   a  w e i g h t   a v e r a g e   m o l e c u l a r  

w e i g h t   of  4 5 , 0 0 0 .   To  t h i s   s o l u t i o n ,   a  p h e n o l   r e s i n   w h i c h  

g i v e s   a d h e s i v e   p r o p e r t y   was  added   in  an  a m o u n t   of  30  p a r t s  

per  100  p a r t s   of  t he   a c r y l i c   c o p o l y m e r .   The  ma in   c o m p o n e n t  



c o m p o s e d   of  t h e   a b o v e - d e s c r i b e d   a c r y l i c   c o p o l y m e r   and  t h e  

r e s i n   w h i c h   gave   a d h e s i v e   p r o p e r t y   had  a  g l a s s   t r a n s i t i o n  

t e m p e r a t u r e   of  - 55°C   and  an  e l a s t i c   m o d u l u s   of  0 .4   k g / c m 2  

at   2 5 ° C .  

T h e n ,   4  p a r t s   of  t h e   a b o v e - d e s c r i b e d   c o m p o s i t i o n  

were  b l e n d e d   w i t h   100  p a r t s   of  an  i r o n   a l l o y   p o w d e r   p a s s i n g  

t h r o u g h   a  150  mesh  s c r e e n ,   and  the   same  p r o c e d u r e   as  i n  

Example   1  was  c a r r i e d   o u t   to  p r o d u c e   an  a l l o y   powder   s h e e t  

h a v i n g   a  t h i c k n e s s   of  1 . 5   mm  and  a  d e n s i t y   of  4 .5   g / c m 3  

which   was  f l e x i b l e   and  had  a  t e n s i l e   s t r e n g t h   of  450  g / 2 0  

mm. 

EXAMPLE  3 

The  a b o v e - d e s c r i b e d   c o m p o n e n t s   were   fed   i n t o   a 

r e a c t o r .   The  m i x t u r e   was  s u b j e c t e d   to  p o l y m e r i z a t i o n   r e a c -  

t i o n   at   75°C  f o r   8  h o u r s   to  o b t a i n   a  s o l u t i o n   c o n t a i n i n g  

an  a c r y l i c   c o p o l y m e r   h a v i n g   a  w e i g h t   a v e r a g e   m o l e c u l a r  

w e i g h t   of  6 0 0 , 0 0 0 .   T h i s   s o l u t i o n   was  u sed   as  t he   c o m p o s i -  

t i o n   f o r   b o n d i n g   m e t a l   p o w d e r s   of  the   p r e s e n t   i n v e n t i o n .  

The  a c r y l i c   c o p o l y m e r   in  t h e   c o m p o s i t i o n   had  a  g l a s s   t r a n s i -  

t i o n   t e m p e r a t u r e   of  - 5 3 ° C   and  an  e l a s t i c   m o d u l u s   of  2 . 0  

kg/cm2  a t   2 5 ° C .  

T h e n ,   2  p a r t s   of  t h e   c o m p o s i t i o n   were   b l e n d e d   w i t h  

100  p a r t s   of  an  i r o n   a l l o y   powder   p a s s i n g   t h r o u g h   a  3 5 0  

mesh  s c r e e n ,   and  t h e   same  p r o c e d u r e   as  in  E x a m p l e   1  w a s  

c a r r i e d   c u t   to  o b t a i n   an  a l l o y   powder   s h e e t   h a v i n g   a  t h i c k -  

ness   of  C.8  mm  and  a  d e n s i t y   of  4 .4   g/cm3  which  was  f l e x -  

i b l e   and  had  a  t e n s i l e   s t r e n g t h   of  600  g /20   mm. 

In  o r a e r   to  e x a m i n e   p e r f o r m a n c e s   of  a l l o y   p o w d e r  

s h e e t s   o b t a i n e d   in  e x a m p l e s   1  to  3,  e ach   s h e e t   was  c u t  

i n t o   a  s i z e   of  1 cm  x  5  cm,  and  the   f o l l o w i n g   t e s t s   ( 1 )  

and  (2)  were   c a r r i e d   o u t .  



(1)   A  c u t   s h e e t   was  wound  on  a  s t e e l   p i p e   h a v i n g   a  r a d i u s  

of  20  mm,  and  c h a n g e s   of  the   s u r f a c e   of  the   s h e e t   w e r e  
e x a m i n e d .  

(2)  A f t e r   a  cu t   s h e e t   was  wound  on  t h e   same  s t e e l   p i p e  

as  in  (1)   a b o v e ,   i t   was  s u b j e c t e d   to  s i n t e r i n g   p r o c e s s i n g  

and  t h e   s t a t e   of  t h e   s u r f a c e   a n d  d e n s i t y   of  t he   s h e e t   a f t e r  

s i n t e r i n g   were   e x a m i n e d .  

As  a  r e s u l t   of  t h e s e   t e s t s ,   g e n e r a t i o n   of  c r a c k s  

and  s w e l l i n g s   were  not   o b s e r v e d   in  t h e   s h e e t s   of  E x a m p l e s  

1  to  3  in  b o t h   t e s t s   (1)  and  ( 2 ) .   In  a d d i t i o n ,   i t   was  
f o u n d   t h a t ,   in  e ach   s h e e t   of  E x a m p l e s   1  to  3,  an  a l l o y  

l a y e r   h a v i n g   a  h i g h   d e n s i t y   of  7.2  or  more  c o u l d   be  f o r m e d  

by  c a r r y i n g   ou t   t he   s i n t e r i n g   p r o c e s s i n g   of  t he   t e s t   ( 2 ) .  



1.  A  c o m p o s i t i o n   f o r   b o n d i n g   m e t a l   p o w d e r   w h i c h  

i s   u s e d   in  an  a m o u n t   of  a t   mos t   7  p a r t s   by  w e i g h t  

as  s o l i d s   c o n t e n t   per   100  p a r t s   by  w e i g h t   of  a  m e t a l  

p o w d e r   so  as  to  o b t a i n   a  f l e x i b l e   m e t a l   powder   m o l d i n g  

w h i c h   i s   c a p a b l e   of  t o l e r a t i n g   d e f o r m a t i o n   at   a  r a d i u s  

of  c u r v a t u r e   of  up  to  15  mm,  t h e   c o m p o s i t i o n   c o m p r i s i n g  

(a )   an  a c r y l i c   p o l y m e r   h a v i n g   a  w e i g h t   a v e r a g e  

m o l e c u l a r   w e i g h t   of  5 0 , 0 0 0   to  1 , 5 0 0 , 0 0 0   w h i c h   c o m p r i s e s  

an  a l k y l   a c r y l a t e   or  m e t h a c r y l a t e   h a v i n g   an  a v e r a g e  

c a r b o n   a tom  number   of  3  to  12  in  t h e   a l k y l   m o i e t y ,  

or  (b)  a  m i x t u r e   of  s a i d   p o l y m e r   and  a  r e s i n   w h i c h  

g ives   adhes ive   p r o p e r t y   to  sa id   polymer ,   said  polymer  or  mixture  hav-  

ing  a  g l a s s   t r a n s i t i o n   t e m p e r a t u r e   in  t h e   r a n g e   of  - 7 0  

to  - 1 0  C   and  an  e l a s t i c   m o d u l u s   in  t h e   r a n g e   of  0 . 0 5  

to  50  k g / c m  2  a t   a  t e m p e r a t u r e   of  2 5 ° C .  

2.  A  c o m p o s i t i o n   as  c l a i m e d   in  C l a i m   1,  w h e r e i n  

s a i d   a c r y l i c   p o l y m e r   c o m p r i s e s   by  w e i g h t   80  to  9 9 . 5 %  

of  s a i d   a l k y l   ( m e t h ) a c r y l a t e   and  20  to  0.5%  of  a  p o l y -  

m e r i z a b l e   monomer  h a v i n g   a  f u n c t i o n a l   g r o u p   in  t h e  

m o l e c u l e .  

3.  A  c o m p o s i t i o n   as  c l a i m e d   in  C la im   2,  w h e r e i n  

t h e   p o l y m e r i z a l b e   monomer  h a v i n g   a  f u n c t i o n a l   g r o u p  

in  t he   m o l e c u l e   i s   an  @-mono-   or  d i o l e f i n   c a r b o x y l i c  

a c i d .  



4.  A  c o m p o s i t i o n   as  c l a i m e d   in  C la im  1,  2  or  3,  w h i c h  

c o n t a i n s   as  s a i d   m i x t u r e   (b)  50  to  99.8%  by  w e i g h t   of  t h e  

a c r y l i c   p o l y m e r   and  50  to  0.2%  by  w e i g h t   of  t h e   r e s i n  

w h i c h   g i v e s   a d h e s i v e   p r o p e r t y .  

5.  A  c o m p o s i t i o n   as  c l a i m e d   in  any  of  C l a i m s   1  t o  

4,  which   i n c l u d e s ,   as  t h e   r e s i n   wh ich   g i v e s   a d h e s i v e   p r o p e r t y ,  

an  a l k y l p h e n o l   r e s i n ,   c o u m a r o n e - i n d e n e   r e s i n ,   p o l y t e r p e n e  

r e s i n ,   r o s i n   r e s i n ,   p e t r o l e u m   r e s i n ,   p o l y v i n y l   e t h e r   r e s i n ,  

t e r p e n e   p h e n o l   r e s i n ,   x y l e n e   r e s i n ,   epoxy  r e s i n ,   p o l y e s t e r  

r e s i n ,   p o l y i m i d e   or  p o l y a m i d e .  

6.  A  c o m p o s i t i o n   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m ,  

w h e r e i n   the   a c r y l i c   p o l y m e r   has  a  w e i g h t   a v e r a g e   m o l e c l a r  

w e i g h t   of  3 0 0 , 0 0 0   to   1 , 2 0 0 , 0 0 0 .  

7.  A  c o m p o s i t i o n   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m ,  

w h e r e i n   t he   p o l y m e r   or  m i x t u r e   (a)   or  (b)  has  a  g l a s s   t r a n s -  

i t i o n   t e m p e r a t u r e   of  -65  to  - 3 0 ° C .  

8.  A  c o m p o s i t i o n   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m ,  

w h e r e i n   the   p o l y m e r   or  m i x t u r e   (a)   or  (b)  has  an  e l a s t i c  

m o d u l u s   of  0.2  to  30  k g / c m 2 .  

9.  A  c o m p o s i t i o n   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m ,  

w h i c h   a l s o   c o n t a i n s   an  a n i o n i c ,   c a t i o n i c   or  n o n i o n i c   s u r -  

f a c t a n t   in  an  a m o u n t   of  0.01  to  5  p a r t s   by  w e i g h t   p e r   1 0 0  

p a r t s   by  w e i g h t   of  t h e   main  c o m p o n e n t .  

10.   A  p r o c e s s   of  o b t a i n i n g   a  m e t a l   powder   m o l d i n g   w h i c h  

c o m p r i s e s   p r e p a r i n g   a  s o l u t i o n   in  an  o r g a n i c   s o l v e n t   o f  

a  c o m p o s i t i o n   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m   and  a  p o w -  
d e r e d   m e t a l ,   k n e a d i n g   i t   i n t o   a  mold ,   e v a p o r a t i n g   t h e   s o l -  

v e n t ,   and  r o l l i n g   i t   i n t o   s h a p e .  
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